
Journal of Agricultural Science; Vol. 5, No. 10; 2013 
ISSN 1916-9752   E-ISSN 1916-9760 

Published by Canadian Center of Science and Education 

214 

Measurement of Lipid Peroxidation and Phenol Contents Under Heat 
Stress Condition in Sugarcane Genotypes 

Syed Rizwan Abbas1, Syed Dilnawaz Ahmad Gardazi2, Syed Mubashir Sabir1, Attiya Batool4, Aourangzeb Rao1, 
Asad Hussain Shah1, Sundas Shazad5, Rizwan Taj Khan4 & Muhammad Rehan Abbas3 

1 Faculty of Agriculture, University of Poonch Rawalakot, Pakistan 
2 Vic Chancellor of University of Azad Jammu and Kashmir, Muzaffarabad A. J. K., Pakistan 
3 Department of Computer Science, University of Azad Jammu and Kashmir 
4 Department of Botany, University of Azad Jammu and Kashmir 
5 Department of Biotechnology, Ayub institute Faisalabad  
Correspondence: Syed Rizwan Abbas, Faculty of Agriculture, University of Poonch Rawalakot, Pakistan. E-mail: 
drsyedrizwanabbas@gmail.com 
 
Received: December 8, 2012   Accepted: December 27, 2012   Online Published: September 15, 2013 
doi:10.5539/jas.v5n10p214          URL: http://dx.doi.org/10.5539/jas.v5n10p214 
 
Abstract 
The experiment conducted in the laboratory of Plant Breeding and Molecular Genetics, Faculty of Agriculture, 
Rawalakot, Pakistan. Leaves of thirteen genotypes of sugarcane used for this experiment and were treated in an 
oven for heat stress.  The treated leaves were then used for the estimation of phenol contents and the measurement 
of lipid peroxidation against heat stress. Minimum moisture loosed by CPF-237 and maximum moisture loss 
showed by CO-1148. Maximum phenol contents were observed in S-2003-US-778 showed high results (58.78 mg 
GAE/100ml) and minimum were Rb-72 and CO-1148 showed the lowest values (36.17 and 37.5 mg GAE/100ml). 
The higher heat tolerance of genotype, CPF-237 related to higher membrane stability, and maintenance of high 
fv/fm ratio under heat stress and lower lipid peroxidation of membranes. Hence, the relative tolerance of a 
genotype to heat stress as reflected by its lower lipid peroxidation, and higher membrane stability and pigment 
concentration, related to the levels of activity of its antioxidant enzymes. By using morphological parameters, 
S-2003-US-778 was significantly different from Rb-72. Based on biochemical data, the genotypes S-2003-US-778, 
S-2003-US-694, CPF-237 and Co-1148 are heat tolerant genotypes and thus can be successfully planted in warmer 
areas to alleviate the socioeconomic status of farmers. 
Keywords: sugarcane, heat stress, lipid peroxidation, phenol contents, morphological parameters 
1. Introduction: 
Sugarcane (Saccharum officinarum L.) is an important cash crop of Pakistan, plays energetic role to improve 
economic perspective of the farmers and survival of ever-expanding sugar industry in Punjab. Pakistan is 
significant cane producing country and categorized fifth in world cane acreage and 15th in sugar production (Insert 
Reference). Sugarcane developed on over a million hectares and delivered the raw material for Pakistan’s 84 sugar 
mills, which contain the country’s second largest agro-industry after textiles (Rehman, 2009). Thus evolution of 
new high cane and sugar yielding varieties and upgraded production technology i.e., Better Management Practices 
(BMPs) are existing need for improving livelihoods of sugarcane growers and other crops and ultimately 
advancement of mill owners also (Nasir, 2006; Iftikhar et al., 2010). Addition of organic matter in soil recovers the 
physicochemical and biological properties. Assessment of adaptation, performance of various cane selections in 
different ecologies, and evaluation of agronomic characters of exotic cane varieties is necessary before a variety 
introduced for commercial cultivation. Cane yield and sugarcane evaluation of varieties were commonly done on 
stalk, stalk height, and stalk girth, stalk weight and fiber contents (Akhtar et al., 2000). The major commercial 
sugar lands in Pakistan are all located in its Punjab and Sindh regions: an ecological zone that is often subject to 
fluctuating periods of drought due to insufficient and unpredictable distribution of rainfall. This poses a serious 
problem for sugar cane, which has a 10 to 12-month crop cycle. When drought occurs during the formative growth 
phase (0-120 days after plantation) the crop experiences slow growth, which then results in low cane yield (Barnes, 
1974). In order to recover sugar yields, it is necessary to develop cultivars that remain dynamic under low soil 
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moisture availability. Screening for drought tolerance can be achieved by simulating moisture stress at the critical 
growth stage of the crop, either under controlled atmosphere conditions or under field conditions. 
Little success has achieved in screening plants for drought tolerance by selection for morphological features due to 
genotype× environment interactions (Bendelow et al., 1955). Blum (1988) theorized that the simplest approach for 
drought tolerance would be to utilize the natural stress of the field environment to screen genotypes. Despite the 
relatively drought tolerant nature of the sugar-cane plant, varieties differ obviously in their tolerance to drought 
(Moore, 1987). Sugarcane varieties susceptible to drought will be wilt, with indication of reduced cane production 
early during drought, while tolerant varieties remain turgid, and maintain near-optimum growth for longer 
production (Moore, 1987). Tolerant varieties have the capability to reduce transpiration losses, while at the same 
time upholding adequate absorption of water from the soil. 
The mechanism of the toxic consequence of organophosphate compounds involves the inhibition of 
acetyl-cholinesterase and other non-specific esterases through phosphorylation at the esterase centre’s of the 
enzyme. This mechanism is the same for all insecticides of the group, irrespective of differences in their chemical 
structure (Lotti, 2001). The inhibition of the activity of cholinesterase enzymes reasons an increase in the level of 
endogenous acetylcholine in the organism and results in its binding to muscarinic and nicotinic receptors in both of 
the peripheral and central nervous systems. This rise in the CNS (Explain 1th) disturbs the balance between 
neurotransmitters and causes the onset of acute intoxication symptoms (Lotti, 2001).The symptoms of acute 
intoxication with organophosphates have well described, while the effects of chronic exposure to these compounds 
are not completely clear. Many authors postulate that they may have an effect on redox procedures in a number of 
organs, thus leading to disturbances in these procedures and causing enhancement of lipid peroxidation, both in 
acute and chronic intoxication by these compounds (Abdollahi, 2004; Sharma, 2005). As increased generation of 
reactive oxygen species and lipid peroxidation induced by these species underlies many diseases. It is extremely 
important to regulate the effect of organophosphate insecticides on lipid peroxidation processes (Mates, 1999; 
Yagi, 1987). 
The objective of this study was to eliminate drought tolerant genotypes of sugarcane through heat stress. Such 
screening will aid in the cataloging of genotypes in the selection of commercial sugarcane cultivars. In the 
documentation of parents to improved genetically drought tolerance sugarcane cultivars developed for Pakistan. 
2. Materials and Methods 
2.1 Plant Materials 
Thirteen Sugarcane genotypes have been collected from different sugarcane institutions of Pakistan and have been 
cultivated in the glasshouse of Faculty of Agriculture, Rawalakot. 
2.2 Morphological Parameters 
Thirteen local sugarcane genotypes namely S-2003-US-778, CPF-246, SPF-234, S-2002-US-160, CPF-237, 
S-2003-US-694, CO-1148, SPHS-35, S-2003-US-633, CPF-247, S-2003-US-114, CPF-238 and Rb-72 were 
planted in the glasshouse of Faculty of agriculture, Rawalakot. The experiment was laid out in Randomized 
Complete Block (RCB) Design with three replications. All agronomic practices kept normal for all the 13 
genotypes. Data on plant height (cm), number of tillers per plant, number of leaves, cane diameter (cm), leaf area 
(cm2), intermodal distance (cm), number of nodes, collected from 10 randomly selected stalks from each 
replications. 
2.3 Heat Stress in Laboratory: 
Three leaves were selected randomly from thirteen sugar-cane genotypes for laboratory screening. The leaves 
were cut early in the morning from mature cane stalks between the 5th and 6th leaf from top visible dewlap. Leaf 
area calculated based on 3/4 of the product of length and breadth (Barnes, 1974). The leaves weighed and kept in 
an oven at 35°C for three hours. Percentage (%) moisture loss from the excised leaves was determined using the 
formula of Blum (1988): ((Fresh weight -Dry weight) / Dry weight) × 100. 
2.4 Phenol Contents: 
The total phenol content was measured by the method of Singleton et al. (1999). The total phenol content was 
determined by adding 0.5 ml of the aqueous extract to 2.5 ml, 10% Folin–Ciocalteau’s reagent (v/v) and 2.0 ml of 
7.5% sodium carbonate. The reaction mixture was incubated at 45°C for 40 min, and the absorbance measured at 
765 nm in the spectrophotometer. Gallic acid used as a standard phenol. The mean of three readings used and the 
total phenol content expressed as milligram of gallic acid equivalents/ g extract. 
 



www.ccsen

2.5 Lipid P
Lipid pero
Horst (199
appropriat
of the supe
heated for 
at 12000 g
using the e

The percen
The level o
homogena
tissues in 0
trichloroac
ml of supe
hour. The 
thiobarbitu
3’tetra – e
serum or in
3. Results
3.1 Morph
Three logi
CPF-246, 
and CPHS
S-2003-US
connected 
plant heigh
cluster III 
internodes
 

 
3.2 Total M
Mean perc
Minimum 
observed i
with small
accessions

net.org/jas 

Peroxidation E
oxidation was m
91). This meth
tely in 20 ml of
ernatant was re
30 minutes at 

g, the absorban
extinction coef

ntage increase 
of malonyldia

ates of the orga
0.5 ml Kcl cent
cetic acid adde
ernatant and 0.

absorbance w
uric acid reacti
thoxy propane
n nanomoles o
 and Discussi

hological Para
ical clusters I,
SPF-234, S-20

S-35, S-2003-U
S-778 and Rb-
on gene linka

ht, number of t
for leaf length

s therefore, I an

Figure 5

Moisture Loss 
cent moisture l
observation a

in CO-1148 an
ler leaf area, a
s with large sur

Estimation 
measured, as m
hod based on 
f 0.1% trichlor
eacted with 4 m
95oC in a wate

nce of the super
fficient of 155 

MDA lev
in lipid perox
ldehyde, as a s

ans and in serum
trifuged at 100

ed and centrifu
5 ml of thioba

was read at 54
ive substances
e. The resulting
of TBARS on g
on: 

ameters 
, II and III bas
002-US-160, C

US-633, CPF-2
-72 showed ma
age 52for of le
tillers, internod
h and having 
nd II are conne

5. Dendrogram

loss from exci
are in genotype
nd SPF-234 (82
as a result of 
rface area lost 

Journal of A

malondialdehyd
the reaction 

roacetic acid (T
ml of 20% TCA
er bath and then
rnatant was rea
mM-1 cm-1 by

vel (nmol) = Δ
idation was ca
substance that 
m according to
000 xg for 30 m
uged again, 500
arbituric acid c
40 nm at room
s was read from
g concentratio
g of tissue. 

sed on morph
CPF-237 and S

247, S-2003-US
aximum differ
aves, cane dia
de distance and
similarities du
ected with III o

mme of morpho

ised leaves, wh
e CPF-237 and
2.5% and 80.2
the larger eva
much moistur

Agricultural Sci

216 

de (MDA) in th
with thiobarb
TCA) solution

A solution com
n right away co
ad at 532 and 6

y using the form
Δ (A 532nm-A 6
alculated to fin

reacts with th
o the method of
min. To 0.5 ml 
00 xg, 5 min. A
covered with al
m temperature
m standard cali
on of TBARS p

ological param
S-2003-US-69
S-114, SPF-23
ence due to nu

ameter and leaf
d number of int
ue to plant heig
on 118 gene lin

ological data o

hich is an inde
d CPHS-35 (53
2%) were also 
aporating surfa
re when subjec

ience

he leaves was 
ituric acid. Fr

n and centrifug
mprising 0.6% t
ooled on ice. A
600 nm. The co
mula: 
600nm)/1.56×

nd out the resis
hiobarbituric ac
f (Buege et al.,
of supernatant
After the final 
luminum foil k
e against the b
ibration curve,
presented in m

meters. In clus
94 are present. 
38 and Rb-72 ar
umber of leave
f size similarit
ternodes in Fig
ght, leaf size, 
nkage in Figur

of thirteen suga

ex of moisture
3.4% and 60.1
observed to lo

ace for transpi
cted to oven te

analyzed subse
resh leaves (1
ed for 10 min 
thiobarbituric a

After centrifuga
ontents of MD

105 

stant and salt se
cid (TBARS), 
, 1978). The 10
t or 0.5 ml of se
centrifugation
kept in a water
blank and the
, which was pl

micromoles of 

ster I genotype
In cluster II C

re present in cl
es and leaf leng
ties and having
gure 5. Cluster 
number of till

re 5. 

arcane genotyp

e stress, is pre
1%) and Maxim
ose more moist
iration. Althou
emperature, som

Vol. 5, No. 10;

equent Carmak
.0 g) were gr
at 12000 g. On
acid and then i
ation for 10 min

DA were worke

ensitive cultiva
was determin

0% homogenat
erum 0.5 ml of

n, the tubes wit
r bath at 90°C 
en concentratio
lotted using 1,
TBARS per dm

es S-2003-US
CO-1148 is pr
luster III. Geno
gth. Cluster I a
g dissimilaritie
r I and II differ 
lers and numb

pes 

esented in Figu
mum moisture
ture than genot
ugh leaves of 
me accessions

2013 

k and 
round 
ne ml 
t was 
nutes 
d out 

ars. 
ed in 
tes of 
f 50%, 
th 0.5 
for 1 

on of 
1, 3, 

m3of 

-778, 
esent 
otype 
and II 
es for 
from 

ber of 

ure 1. 
e loss 
types 
some 
with 



www.ccsen

small leaf 
stomata an
the cells. V
had observ
 

 
3.3 Total P
The total p
Fig. 3. Sug
treatment 
results as 
genotypes 
values i,e (
in Figure
diosmetin-
which are 
reported t
Waterhous
plants and 

 

net.org/jas 

f area also exh
nd large bullifo
Varieties that a
ved also by Viq

Fi

Phenol Compo
phenol content
garcane genoty
the absorbanc
(48.41 and 45
showed resul

(36.17 and 37.
e 3. In the 
-8-glucoside, v

responsible f
to have benef
se, 2009). The
plant derivativ

hibited similar
orm cells in the
are least damag
queira et al. (1

igure 1. Result

ounds:  
ts in extracts o
ype S-2003-U
e have been d

5.22 mg GAE/
lts after treatm
5 mg GAE/g) 
leaves of s

vitexin, orienti
for the antioxi
ficial effects o
se health effec
ves (Lurton, 2

Fig

Journal of A

r behaviour. B
e leaves, where
ged by heat (i.e
1984). 

t of thirteen ge

obtained from t
S-778 showed

decreased as (3
/g) at control 

ment is (35.43 
at control and
ugarcane the
in, tricin-7-O-n
idant activity 
on other chro
cts reported to 
003). 

gure 3. Thirtee

Agricultural Sci

217 

Barnes (1974) 
eas Meneses (1
e. low moistur

enotypes of sug

the control and
d maximum va
36.76 mg GAE
and gradually
and 26.34 mg

d after treatmen
 major phen
neohesperidos
of sugarcane.

onic diseases 
be due to antir

en genotypes o

ience

attributed suc
1986) attributed
re loss) are like

garcance (heat 

d heat-treated 
alues i,e (58.78
E/g). CPHS-35
y decrease resu
g GAE/g). Rb-
nt the values w
nolics are lu
ide and tricin 
. Phenol comp
such as coro

radical and ant

f sugarcane 

h response to 
d it to release o
ely to be tolera

treatment) 

leaves of suga
8 mg GAE/g) a
5 and CPF-24
ults when stre
-72 and CO-11

were (23.21 and
uteolin 8-C-rh
derivatives (Fa
pounds presen
onary heart di
tioxidant prop

Vol. 5, No. 10;

presence of m
of electrolytes 
ant to drought.

 

arcane are show
at control and 
6 showed diff

ess increased, 
148 showed lo
d 24.45 mg GA
hamnosylgluco
abiana et al., 2

nt in these ext
isease (Forest
erties of pheno

 

2013 

many 
from 
This 

wn in 
after 

ferent 
these 

owest 
AE/g) 
oside, 
2008) 
tracts 
er & 
ols in 



www.ccsen

3.4 Estima
Lipid pero
increasing
S-2003-US
after heat 
respectivel
respectivel
Figure 2. T
decreased 
such as su
enzyme in
role by red
reported th
level such 
 

Cluster an
loss throu
S-2003-US
S-2002-US
then cluste
S-2003-US

 

net.org/jas 

ation of Lipid P
oxidation (LPO
 trend over t
S-694 showed
treatment the 
ly. CPF-246 an
ly, after treatm

The stress indu
hydrolytic enz

uperoxide, hyd
nto H2O2, whic
ducing H2O2 to
hat much of in
as cell membr

nalyses used fo
ugh heat stres
S-114 and in 
S-160, CPF-24
er I, main facto
S-694 are heat

Peroxidation: 
O) as MDA co
the stage as w

d minimum val
values increa

nd SPF-238 sh
ment the values
uced increase in
zyme activity 
drogen peroxi
ch is further sc
o water throug
njury to plants 
rane damage. 

Fig

or the screenin
ss experiment

cluster II SP
46, S-2003-US
or of heat tolera
t tolerant then 

Journal of A

ontent, estimate
well as heat 
lue of 30.225 

ased due stress
howed maximu
s increased and
n leaf membran
and increased 

ide, and hydro
cavenged by C
gh the Halliwel

caused by var

gure 2. Thirtee

ng of thirteen g
. Cluster I h

PF-238, S-200
S-694, Rb-72 a
ance is leaf are
S-2003-US-77

Agricultural Sci

218 

ed at formativ
stress conditio
and 30.38 nm

s and showed 
um values 60.6
d moving to 71
ne damage, red
lipid peroxida

oxyl radicals. 
CAT and variou

ll-Asada pathw
rious stresses i

en genotypes o
 

genotypes of su
aving S-2003

03-US-633 and
and CPF-237. 
ea of cluster I h
78, CPHS-35 a

ience

ve and grand g
on (Figure 2)

mol (malondiald
38.9 and 40.1
05 and 56.265

1.6 and 63.7 nm
duced uptake o
ation level; it m
Among AOS

us peroxidases
way (Noctor &
is associated w

f sugarcane 

ugarcane by u
-US-778, CPH
d CO-1148 w
As a result, th

having less then
and CPF-247 s

rowth phase o
). Under cont
dehyde g-1f.wt
1nmol (malond
 nmol (malond
mol (malondia
of CO2 because
may stimulate 
, superoxide c
s. APOX and G

& Foyer, 1998)
with oxidative 

using MDA, Ph
HS-35, CPF-2

were present. 
he cluster III is
n cluster III. C
howed in Figu

Vol. 5, No. 10;

of the crop, sho
trol, CPHS-35
t) respectively
dialdehyde g-1

dialdehyde g-1f
aldehyde g-1f.w
e of closer stom

formation of 
converted by 
GR also play a
). Allen (1995)
damage at cel

henol and moi
247, SPF-234
Cluster III ha

s more heat tol
CPF-237, Rb-72
ure 4. 

2013 

owed 
 and 
, and 

1f.wt) 
f.wt.) 
wt) in 
matal, 
AOS 
SOD 
a key 
) also 
llular 

isture 
 and 
aving 
erant 
2 and 



www.ccsen

4. Conclus
This study
stress. Dif
tolerance. 
genetic va
from toler
content an
tolerant ge
farmers. F
Reference
Abdollahi,

cholin
Physi

Akhtar. M
on ag
3, 672

Allen, R. 
1049-

Barnes, A.
Bendelow

Agri. 
Blum, A. (
John A. B

http:/
Carmark, I

perox
http:/

Dorman, H
comp
51, 45

Fabiana, C
antiox

Forester, S
polyp

net.org/jas 

sion 
y gives some i
fferent Genoty
Genotypic per

ariability for de
rant genotypes
nd lipid peroxi
enotypes and th
urther studies 

es 
, M., Mostfa
nesterase inhib
iol., 37, 29. 

M., Bashir. K., A
gronomic chara
2-673. http://d
D. (1995). D

-1054. 
. C. (1974). Th
, V. W., & Mer
Sci., 35, 252–

(1988). Plant B
B., & Steven
//dx.doi.org/10
I., & Horst, J. H
xidase activit
//dx.doi.org/10
H. J. D., Ko

position of aque
563-4569. http

C. V., Renata, 
xidant (radical
S. C., & Wat
phenolics. J. N

F

important clue
ypes of sugarc
rformance and 
evelopment of

s into high yie
idation the gen
hus can be suc
are in progres

alou, S., Poo
bition in saliv

Akhtar, M. E., 
acters and nutr
dx.doi.org/10.3
Dissection of 

he Sugarcane (
redith, W. O. S

–258. 
Breeding for S
n, D. A. (197
0.1016/S0076-6
H. (1991). Effe
ties in root 
0.1111/j.1399-3
sar, M., Kahl
eous extracts f

p://dx.doi.org/1
C., Tatiana, O

l scavenging) a
terhouse, A. 

Nutr., 138, 1824

Journal of A

Figure 4. Dend

es that each ge
cane also show
 sensitivity tow
f heat tolerant 
elding cultivars
notypes S-200
ccessfully plan
s to show the e

urnoourmooha
va and plasma 

Khan, M. Z., &
rient contents o
923/pjbs.2000
oxidative stre

(2nd ed.). Lond
S. (1955). Reli

Stress Environm
78). Microsom
6879(78)52032

fects of aluminu
tips of so

3054.1991.tb0
los, K., Holm

from Mentha sp
10.1021/jf0341
O. D., & Jane
activity of Sac
L. (2009). M
4S-1831S. http

Agricultural Sci

219 

drogramme of h
 

enetic trait und
wed wide vari
wards heat stre
sugarcane gen

s. On the basi
03-US-778, S-2
nted in warmer
effect of heat t

amadi, S., &
of rats follow

& Rafiq, C. H. 
of sugarcane (S
0.672.673 
ess tolerance 

don, UK: Hill 
iability of pred

ments (pp. 43-
mal lipid pero
2-6 
um on lipid pe
ybean (Glyci

00121.x 
m, Y., & Hilt
pecies, hybrids
108k 
ete, H. Y. (20
ccharum officin
etabolites are 

p://dx.doi.org/1

ience

heat stress 

der study resp
iation for thei
ess varied sign
notype can be
is of data obta
2003-US-694,
r areas to allev
tolerance on an

& Shadnia, S
wing subchron

(2000). Effect
Sacharum offic

using transgen

Books. 
diction tests for

77). Florida, U
oxidation. Me

eroxidation, sup
ine max). P

tunen, R. (20
s, varieties, and

08). HPLC mi
narum L. J. Br

key to under
10.3945/jn.109

onded differen
ir response to 
ificantly. It is c

e created by py
ained from mo
, CPF-237 and
viate the socio
ntioxidant enzy

. (2004). oxi
nic exposure to

t of timing of n
cinarum L). Pa

nic plants. Pl

r malting qualit

USA: CRC Pre
ethods of enzy

peroxide dism
Physiol. Plan

03). Antioxid
d cultivars. J. A

icrofractionati
razil Chem. So
rstanding heal
9.107664 

Vol. 5, No. 10;

ntly to temper
temperature s

concluded that
yramiding of g
oisture loss, ph
d Co-1148 are
oeconomic stat
ymes of sugarc

idative stress 
o malathion. P

nitrogen applic
akistan J. Biol.

lant Physiol., 

ty of barley. Ca

ess Inc. 
ymology, 51, 

mutase, catalase
nt., 83, 463

dant properties
Agric. Food Ch

on of flavones
c., 19. 
lth effects of 

2013 

 

rature 
stress 
t best 
genes 
henol 

heat 
us of 
cane. 

and 
Plant 

ation 
 Sci., 

107, 

an. J. 

302. 

e, and 
-468. 

s and 
hem., 

s and 

wine 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 10; 2013 

220 

Iftikhar, T., Babar, L. K., Zahoor, S., & Khan, N. G. (2010). “Best Irrigation Management Practices In Cotton”. 
Pak. J. Bot., 42(5), 3023-3028.  

Lotti, M. (2001). Clinical toxicology of anticholinesterase agents in humans. Academic Press, USA: Handbook of 
Pesticide Toxicology. 

Lurton, L. (2003). Grape polyphenols: New powerful health ingredients.Innov. Food Technol., 18, 28-30. 
Mates, J. M., Perez-Gomez, C., & De Catro, I. N. (1999). Antioxidant enzymes and human diseases. Clin. 

Biochem., 32, 595. http://dx.doi.org/10.1016/S0009-9120(99)00075-2 
Meneses, R. S. (1986). Assessment of drought resistance in sugarcane varieties through the determination of the 

release of electrolytes. Plant Breeding Abstracts, 56(11), 1057. 
Moore, P. H. (1987). Physiological basis for varietal improvement in sugarcane. In Proceedings of the 

International Symposium on Sugarcane Varietal Improvement (pp. 19-56). Sugarcane Breeding Institute, 
Coimbatore, India, 3-7 September 1987. 

Nasir, N. M. (2006). Better management practices for cotton and sugar cane (p. 117). WWF-Pakistan, Ferozepur 
Road, Lahore - 54600, Pakistan. 

Noctor, G., & Foyer, C. H. (1998). Ascorbate and glutathione: keeping active oxygen under control.Annu. Rev. 
Plant Physiol. Plant Mol. Bio., 49, 249-279. http://dx.doi.org/10.1146/annurev.arplant.49.1.249 

Rehman, M. S. (2009). Pakistan Sugar Annual 2009. USDA Foreign Agric. Serv. 
Sharma, Y., Bashir, S., Irshad, M., Gupta, S. D., & Dogra, T. D. (2005). Effects of acute dimethoate 

administration on antioxidant status of liver and brain of experimental rats. Toxicology, 5, 49. 
Triantaphyllou, K., Blekas, G., & Boskou. (2001). Antioxidative properties of water extracts obtained from herbs 

of thespeciesLamiaceae. Int. J. Food Sci. Nutr., 52, 313-317. 
Viqueira, L, Gomez, L, & Rodriguez, C. R. (1984). Tolerance of high temperature in sugarcane. II Estimation of 

the drought tolerance of different varieties. Plant Breeding Abstracts., 54, 335. 
Yagi, K. (1987). Lipid peroxides in human disease. Chem. Phys. Lipids., 45, 337. 
 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


